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Abstract 

We study the effects of various types of education and training on the ability of 
teachers to promote student achievement. Previous studies on the subject have 
been hampered by inadequate measures of teacher training and difficulties 
addressing the non-random selection of teachers to students and of teachers to 
training. We address these issues by estimating models that include detailed 
measures of pre-service and in-service training, a rich set of time-varying 
covariates, and student, teacher, and school fixed effects. Our results suggest that 
only two of the forms of teacher training we study influence productivity. First, 
content-focused teacher professional development is positively associated with 
productivity in middle and high school math. Second, more experienced teachers 
appear more effective in teaching elementary math and reading and middle school 
math. There is no evidence that either pre-service (undergraduate) training or the 
scholastic aptitude of teachers influences their ability to increase student 
achievement. 



We wish to thank the staff of the Florida Department of Education's K-20 Education Data Warehouse for their 
assistance in obtaining and interpreting the data used in this study. The views expressed is this paper are solely our 
own and do not necessarily reflect the opinions of the Florida Department of Education. Valuable research 
assistance was provided by Li Feng, Micah Sanders and Cynthia Thompson. This research is part of a larger project 
assessing teacher quality being funded by grant R305M040121 from the U.S. Department of Education. 
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I. Introduction 



It is generally acknowledged that promoting teacher quality is a key element in 
improving primary and secondary education in the United States. Indeed, one of the primary 
goals of the No Child Left Behind law is to have a “highly qualified teacher” in every classroom. 
Despite decades of research, however, there is no consensus on what factors enhance, or even 
signal, teacher quality . 1 

We focus here on the relationship between teacher productivity and teacher training, 
including formal pre-service university education, in-service professional development, and 
informal training acquired through on-the-job experience. Previous research on teacher training 
has yielded highly inconsistent results and has fueled a wide range of policy prescriptions. Some 
studies find that formal education is important and these have been interpreted as support for 
strengthening existing teacher preparation programs in universities and increased expenditures 
on post-college training. Equally common, however, is the finding that formal education is 
irrelevant, leading others to argue for the elimination of colleges of education. 

One reason for the uncertainty regarding the effects of teacher training is that past studies 
have been unable to overcome three methodological challenges in estimating the effects of 
training on teacher quality. First, it is difficult to isolate productivity, especially in teaching 
where a student’s own ability, the influences of a student’s peers, and other characteristics of 
schools also affect measured outcomes. The problem is exacerbated by the fact that assignment 
of students and teachers to classrooms is usually not random, leading to possible correlations 
between observed teacher attributes and unobserved student characteristics. Second, like in other 



1 A related line of research looks at subjective evaluations by prinicipals and whether they are correlated with 
teacher quality. See Armour et al. ( 1976), Harris and Sass (2007), Murnane (1975) and Jacob and Lefgren (2005). 
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occupations, there is an inherent selection problem in evaluating the effects of education and 
training on teacher productivity. Unobserved teacher characteristics, such as “innate” ability, 
may affect the amount and types of education and training they choose to obtain as well as 
subsequent performance of teachers in the classroom. Third, it is difficult to obtain data that 
provide much detail about the various types of training teachers receive and even more difficult 
to link the training of teachers to the achievement of the students they teach. Addressing all of 
these issues in a single study presents significant data and estimation challenges. 

In this paper we present new evidence on the effects of teacher university-based pre- 
service formal education and in-service professional development training on teacher 
productivity using a unique statewide administrative database from Florida. The Florida data 
allow us to tie student performance to the identity of their classroom teacher and in turn link 
teachers to their in-service training, their college coursework and their pre-college entrance exam 
scores. These extremely rich data also provide a unique opportunity to address the twin selection 
problems associated with teacher acquisition of training and assignment of students to teachers. 

Our analysis proceeds in two steps. First, we estimate student achievement models that 
include a rich set of covariates that measure the time- varying characteristics of individual 
students, their classroom peers, and their school’s principal. In addition, we include multiple 
levels of fixed effects that control for unmeasured time-invariant student, teacher and school 
characteristics. This first-stage model includes detailed data on the quantity and characteristics 
of education and training teachers receive after they have entered the classroom, including both 
graduate education and workshops sponsored by schools and school districts (called “in-service” 
or professional development training). We also include measures of teacher experience, which 
represent informal on-the-job training. This first step yields estimates of the fixed effect for each 
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teacher, which represents the teacher’s contribution to student achievement or “value added” that 
does not vary over her career. In the second step we take the estimated teacher fixed effect and 
regress it on characteristics of teachers’ (time-invariant) undergraduate coursework, controlling 
for teacher pre-college cognitive/verbal ability with college entrance exam scores. 

We begin in section II by describing past literature on teacher training. Our methodology 
and data are discussed in sections III and IV, respectively. Our results, presented in section V, 
suggest that only two of the forms of teacher training influence productivity; content-focused 
teacher professional development is positively associated with productivity in middle and high 
school math and on-the-job training acquired through experience correlated with enhanced 
effectiveness in teaching elementary reading and elementary and middle-school math. The 
implications of our findings are discussed in section VI. 



II. Previous Literature on the Effects of Teacher Training 

In early work on teacher productivity, researchers estimated education production 
functions by regressing aggregate student achievement levels on measures of teacher training and 
various other controls using cross-sectional data (see review by Hanushek (1986)). A subsequent 
generation of studies used student-level two-year test-score gains and richer sets of teacher 
training variables to evaluate the impact of teacher training on student achievement. The state of 
the literature through the year 2000 has been extensively reviewed by Wayne and Youngs (2003) 
as well as by Rice (2003), Wilson and Floden (2003), and Wilson, et al. (2001). Rather than 



2 The term “value-added” has two rather different meanings in the education literature. Sometimes if refers to 
education production function models where the dependent variable is the gain in student achievement or student 
learning. The second meaning, which we use here, is simply the teacher’s marginal product with respect to student 
achievement. 
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duplicate previous surveys we highlight new research findings over the last half-dozen years. 
Table 1 provides a summary of this recent work. 

While some recent studies of the determinants of teacher productivity continue to employ 
the gain score approach (Aaronson, et al. (2007), Hill, et al. (2005), Kane, et al. (2006)), the bulk 
of recent research has shifted away from this methodology. The gain-score studies rely on 
observed student characteristics or “covariates” to account for student heterogeneity. However, 
they cannot control for unobserved characteristics like innate ability and motivation. There is 
evidence that better trained and more experienced teachers tend to be assigned to students of 
greater ability and with fewer discipline problems (e.g., Clotfelter et al. (2006), Feng (2005)). 
Given this positive matching between student quality and teacher training, the gain-score studies’ 
inability to control for unobserved student characteristics would tend to upwardly bias estimates 
of teacher value-added associated with education and training. 

The recent availability of longitudinal administrative databases has brought forth a new 
generation of studies that seek to ameliorate selection bias by controlling for time-invariant 
unobserved student heterogeneity via student fixed effects. In the last six years, eight studies of 
teacher productivity in the U.S. have employed this approach. An alternative method of 
avoiding selection bias is to either randomly assign teachers to students (as in the Tennessee 
class size experiment) or to exploit situations where there is an exogenous change in student 
assignments to teachers or in teachers to training. Five other recent studies exploit either 
experiments with random assignment, situations where there is “apparent random assignment” or 
“natural” experiments where assignment is based on exogenous factors. 

No matter what the methodology, nearly all of the recent studies of teacher productivity 
include some measure of teacher experience, which serves as a proxy for on-the-job training. 
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Results for elementary math are about evenly split between positive and insignificant effects of 
teacher experience on student achievement. In contrast, all but one of the eight recent studies 
that separately analyze elementary reading find that student achievement is positively correlated 
with teacher experience. At the middle school level the findings are essentially reversed. 
Studies that include middle school consistently find positive effects of teacher experience on 
math achievement whereas the findings for the effects of experience on middle school reading 
achievement are evenly split between positive and insignificant correlations. The three studies of 
high school teachers yield conflicting results. Aaronson, et al. (2007) and Betts, et al. (2003) 
find no significant correlation between teacher experience and student achievement while 
Clotfelter, et al. (2007) find strong positive effects. One difference in these studies is that 
Clotfelter et al. utili z e course- specific end-of-course exams while the other studies rely on more 
general achievement exams. 

As discussed by Rockoff (2004) and Kane, et al. (2006), the estimated effects of 
experience may be biased if sample attrition is not taken into account. For example, less 
effective teachers might be more likely to leave the profession and this may give the appearance 
that experience raises teacher value-added when, in reality, less effective teachers are simply 
exiting the sample. Alternatively, selection could work in the opposite direction; more able 
teachers with higher opportunity costs may be more likely to leave the profession, leading to a 
spurious negative correlation between teacher experience and student achievement. One method 
of addressing the attrition issue is to include a teacher-specific effect, to control for unmeasured 
teacher ability, along with the experience measures. The teacher- specific effect should purge the 
influence of teacher time-invariant ability on experience, yielding unbiased estimates of the 
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marginal product of experience. While the recent gain score studies all include a teacher- 
specific effect, only two of the eight panel data studies, Hanushek et al. (2005) and Rockoff 
(2004), employ teacher fixed effects in addition to student fixed effects. Both of these studies 
analyze only a single school district. In our work we are able to include to include both student 
and teacher fixed effects using data for the entire state of Florida. 

In addition to experience, the other commonly measured aspect of teacher training is the 
attainment of graduate degrees. Nearly all of the recent panel-data and random-assignment 
studies include a measure of post-baccalaureate degree attainment, typically whether a teacher 
holds a master’s degree. Except for positive correlations between possession of a masters degree 
and elementary math achievement found by Betts et al. (2003), Dee (2004) and Nye, et al. 
(2004), recent research indicates either insignificant or in some cases even negative associations 
between possession of graduate degrees by a teacher and their students’ achievement in either 
math or reading. 

In contrast to experience and possession of advanced degrees, the pre-service 
undergraduate training of teachers has received much less attention in the recent literature. Two 
studies, Aaronson, et al. (2007) and Betts et al. (2003) consider the effect of college major on 
later teacher productivity, but fail to find a robust relationship between undergraduate major and 
the impact of teachers on student achievement. Three studies, Kane et al. (2006), Clotfelter et al. 



’ While the inclusion of teacher effects greatly reduces the potential bias associated with teacher attrition, it does not 
necessarily eliminate it for two reasons. First, since multiple observations are required to compute teacher effects, 
elementary school teachers who leave after one year are necessarily excluded. This is not a significant problem for 
middle and high-school teachers, however, since they teach multiple classes within a single period (though it 
remains a problem for estimating the effects of experience, which can still only be done for teachers with two or 
more years in the classroom). Second, if there is an unobserved time-varying component of teacher productivity that 
is correlated with the likelihood of attrition, then this will not be fully captured by the teacher effect. For example, 
as noted by Murnane and Phillips (1981) and others, the presence of young children in the home may lower teacher 
productivity and also increase the likelihood of attrition. We test whether teacher-specific effects eliminate attrition 
bias in our empirical work below. 
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(2006, 2007a) consider general measures of the quality of the undergraduate institution attended 
and find little or no relationship to teacher productivity in elementary or middle school. A fourth 
study, Clotfelter, et al. (2007b) does find a positive and significant relationship between the 
prestige of the undergraduate institution and productivity of high school teachers. Kane et al. 
(2006) also analyze the relationship between undergraduate grade point average (GPA) and 
teacher productivity in elementary and middle school. As with the other measures of 
undergraduate education, they find no significant relationship between GPA and subsequent 
teacher performance. 

There are at least two shortcomings of recent estimates of the impact of undergraduate 
education on teacher productivity. First, recent work has relied on relatively gross measures, l ik e 
college major, which may obscure significant variation in college coursework. 4 Second, none of 
the recent studies that include measures of undergraduate training control for the pre-college 
ability of future teachers. Thus, for example, a positive observed correlation between 
undergraduate institutional prestige and future teacher productivity could mean that institutional 
quality enhances the productivity of future teachers or simply that more able students are 
accepted into elite institutions and individual ability is determinative of productivity as a teacher. 
In our work we consider the specific courses taken by teachers and control for pre-college ability 
with college entrance exam scores. 

Jacob and Lefgren (2004) is the only prior study of the impact of in-service professional 
development on teacher productivity in the United States. 5 Jacob and Lefgren exploit a “natural 
experiment” that occurred in the Chicago public schools where the level of professional 

4 At least two of the older gain-score studies, Eberts and Stone (1984) and Monk (1994) do include detailed 
measures of courses taken. 

5 Angrist and Lavy (2001) analyze the effects of teacher professional development on teacher productivity in Israel. 
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development was based (exogenously) on prior school-level average test scores. Jacob and 
Lefgren are not able to distinguish the specifics of the professional development that teachers 
received, however. Like Jacob and Lefgren, we include in-service professional development in 
our analysis of teacher training. Further, we are able to distinguish between training that focuses 
on content and that which emphasizes pedagogy. 



III. Econometric Model and Estimation Strategies 

A. Measuring Teacher Productivity and Within-Career Education and Training 

While the issue of measuring a teacher’s output is controversial, particularly outside the 
economics literature, we shall simply define the relevant product as student achievement 
measured by standardized tests. Consequently, we view a teacher’s productivity as their 
contribution to student achievement, holding other inputs constant. To empirically measure the 
impact of education and training on teacher productivity it is therefore necessary to first develop 
a model of student achievement. We begin with a general specification of the standard 
“educational production function” that relates student achievement to vectors of time-varying 
student/family inputs (X), classroom-level inputs (C), school inputs (S) and time-invariant 
student/family characteristics (y): 

At = Mr-1 + a i X /r + tt 2 Cijmt + a 3^mt + Yi + £ it (1) 

The subscripts denote individuals (i), classrooms (j), schools (m) and time (t). 

Equation (1) is a restricted form of the cumulative achievement function specified by 
Boardman and Murnane (1979) and Todd and Wolpin (2003) where the achievement level at 
time t depends on the individual’s initial endowment (eg. innate ability) and their entire history 
of individual, family and schooling inputs. Although often not stated, there are a number of 
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implicit assumptions underlying the education production function specified in (1). First, it is 
assumed that the cumulative achievement function does not vary with age, is additively 
separable, and linear. Family inputs are assumed constant over time, and the impact of parental 
inputs on achievement, along with the impact of the initial individual endowment on 
achievement, induce a (student-specific) constant increment in achievement in each period. 6 
This allows the combination of these time-invariant inputs to individual achievement gains to be 
represented by the student- specific fixed component, y-,. Third, the marginal impacts of all prior 
school inputs decay geometrically with the time between the application of the input and the 
measurement of achievement at the same rate. Thus lagged achievement serves as a sufficient 
statistic for all prior schooling inputs. A thorough discussion of these assumptions and the 
derivation of the linear education production function model can be found in Todd and Wolpin 
(2003), Sass (2006) and Harris and Sass (2006). 

The vector of classroom inputs can be divided into four components: peer 

characteristics, P ij mt (where the subscript -i students other than individual i in the classroom), 
time-varying teacher characteristics (eg. experience and in-service training), Tkt (where k indexes 
teachers), time-invariant teacher characteristics (eg. innate ability and pre-service education), 5k, 
and non-teacher classroom-level inputs (such as books, computers, etc.), Zj. If we assume that, 
except for teacher quality, there is no variation in education inputs across classrooms within a 
school, the effect of Zj becomes part of the school-level input vector, S m . School-level inputs can 
be de-composed into those that vary over time and those that are invariant over the time period 



6 An observationally equivalent assumption is that the impact of home inputs is time invariant and the amount of 
home inputs change by a constant rate over time. If family inputs change over time (at a non-constant rate) and are 
correlated with variables in the achievement model, this will lead to biased estimates of the model parameters. For 
example, if parents compensate for an inexperienced teacher by spending more time with their child in learning 
activities at home, this would impart a downward bias on the estimated effect of teacher experience on student 
learning. There is little consistent evidence whether or not home inputs systematically vary over time with the 
quality of schooling inputs, however. Bonesronning (2004) finds that class size has a negative effect on parental 
effort in Norway, suggesting that school and home inputs are complements. In contrast, Houtenville and Conway 
(forthcoming) find that parental effort is negatively correlated with school-level per pupil expenditures on 
instructional personnel, implying that school resources and parental effort are substitutes. 
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of analysis. The time varying components we measure are the administrative experience of the 
principal, the principal’s administrative experience squared, whether the principal is new to the 
school and whether the school is in its first year of operation. Time-invariant school inputs are 
captured by a school fixed component, (j) m . The achievement function can then be expressed as: 

4 it = Mm + Pl X /r + P2 P -ijmt + P3 + PA,, + Yi + 4 + 4, + V it ( 2 ) 

Where v; t is a normally distributed, mean zero error. 

We include three measures of teacher education and training in the vector of time-varying 
teacher characteristics, T kt . Experience, representing on-the-job training, is captured by a set of 
indicator variables representing various levels of experience; the omitted category is teachers 
with zero experience. This specification allows for non-linear effects of teacher experience on 
student achievement and avoids perfect collinearity between experience and time that would 
result from a continuous linear measure of teacher experience. In-service training is measured 
by a vector of variables representing the number of hours spent in various types of professional 
development courses. Both current-year hours of training as well as the amount of training in 
each of the three prior years are measured separately to allow for delayed implementation of new 
teaching strategies, human capital depreciation and possible negative impacts of 
contemporaneous training on student achievement associated with absences from the classroom. 
Finally, attainment of post-baccalaureate degrees is included to capture the effects of additional 
formal education obtained after entering the teaching profession. The vector of coefficients on 
these time-varying teacher characteristics, P 3 , thus represents the impact of within-career 
education and training on teacher productivity. 

Estimation of equation (2) by ordinary least squares (OLS) is problematic since the error 
term is correlated with lagged achievement, rendering biased estimates of the regression 
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